S-3 1C), was shown to have alternative non-QS-related targets in P. aeruginosa (4) . To examine this issue, we grew P. aeruginosa in our QS-selective and non-QS-selective media in the presence of C-30 to test if there were concentrations of C-30 that slowed growth only under QSselective pressure. Our experimental protocol is outlined below.
P. aeruginosa strain PA14 overnight culture was rinsed twice with 1× M9 salts by centrifugation and resuspension, and was resuspended in an equal volume of 1× M9 salts. The rinsed culture was diluted 10-fold with 1× M9 salts, and 2 µL of the dilution was added to 198 µL of various media containing furanone C-30 (Sigma-Aldrich) in a 96-well microtiter plate. The media tested were Luria-Bertani (LB, nutrient-rich), QSM + 1% CAA (minimal, non-QSselective), and QSM + 0.1% adenosine (QS-selective). Three different concentrations of furanone C-30 were tested (15 µM, 50 µM, and 150 µM) in each medium; C-30 was added from 200× DMSO stocks, so that each well contained 0.5% DMSO, including the negative control.
Three separate wells of each condition were prepared. The cultures were incubated at 37 ºC with 200 rpm shaking, and OD 600 was read periodically over 30-120 h, depending on the growth medium (Supplementary Figure 1A) .
Since the magnitude of shift in the growth curve depends on the general rate of growth in the medium, the faster growing media (LB and QSM + 1% CAA) appeared to have less of a shift than the slow-growing medium (QSM + 0.1% adenosine). To account for this artifact while quantifying the effects of C-30, specific growth rates (µ) were calculated for each condition and normalized to the DMSO control in each medium. To calculate specific growth rate, first the growth time required to reach an OD 600 of half the maximum OD 600 (OD 600,mid ; indicated with a line on the plots, Supplementary Figure 1A) was calculated from the growth curve. Thereafter, the number of generations required for growth from inoculation to that OD 600 was approximated by dividing the midpoint OD 600 by the initial OD 600 , taking the logarithm of that quotient, and dividing it by log(2). The average generation time was then calculated by dividing the growth time to OD 600,mid by the number of generations to reach OD 600,mid . Finally, specific growth rate (µ, S-4 in h -1 ) was calculated by dividing ln(2) by this average generation time. To convert the specific growth rates to relative growth rates, each value was divided by the mean specific growth rate for the DMSO control in that medium. Each sample was treated independently for the calculations; thus, the final error bars represent a triplicate of individual relative growth rates (Supplementary Figure 1B) .
Although C-30 only minimally slowed growth of P. aeruginosa in LB medium (corroborating a recent report by Wood and co-workers (5)), this compound inhibited the growth rate in the non-QS-selective minimal medium (CAA) by approximately 25% at concentrations as low as 15 µM. Further, the degree of growth inhibition in the QS-selective medium (adenosine) was no greater than the degree of growth inhibition in the non-QS-selective medium (CAA;
Supplementary Figure 1B )-indicating that the growth inhibitory effect of C-30 is not primarily due to its QS-inhibitory activity. The QSM + 1% CAA conditions were repeated on a separate day with both P. aeruginosa strains PA14 and PAO1, and similar growth effects were caused by C-30. Since these off-target growth effects would certainly cause a non-QS-based selective pressure for resistance under our experimental conditions, we chose not to use C-30 as a QSI in the current study. As stated in the main text, other reported QSIs do not inhibit elastase B production substantially. For example, two of the most potent reported P. aeruginosa QSIs that act via the LasR receptor (V-06-018 (6) and N-(4-bromophenylacetanoyl)-L-homoserine lactone (7)) cannot inhibit elastase B production in wild-type P. aeruginosa PAO1 by greater than 60%, which would provide too weak of a QS-dependent selective pressure to obtain unambiguous results. We therefore developed a model system using mutant P. aeruginosa strains that mimics resistance development to an ideal QSI that inhibits QS at nearly 100% with no off-target effects (see main text and Figure 3 for a detailed schematic of our model).
Construction of QSI-resistant (R) and QSI-sensitive (S) mimic strains.
The QSI-resistant mimic strain (R) (GFP + , Gm R ) and the QSI-sensitive mimic strain (S) (ΔlasR, ΔrhlR, Tc R ) were S-5
constructed from the same parent P. aeruginosa PAO1 strain to avoid any fitness differences due to microevolution (8) . To construct the gentamicin-resistant "QSI-resistant mimic" strain, a mini-Tn7 transposon harboring GFP and aaaC1 (i.e., gentamicin resistance, Gm R ) was inserted into the neutral attTn7 site of the PAO1 chromosome by 4-parental mating between P.
aeruginosa PAO1 and E. coli strains harboring pUXBF-13 (9), pRK600 (10), and pMiniTn7-gfp2 (11), followed by citric acid selection on Vogel-Bonner (VB) minimal medium (57.4 mM K 2 HPO 4 , 8.37 mM NaNH 4 HPO 4 , 0.811 mM MgSO 4 , 9.52 mM citric acid (12)) + gentamicin (13) . Single colonies were restreaked on VB + gentamicin, and an individual colony from the second plate was picked (named strain PAO1-Tn7-gfp/Gm R , also called "R") and verified for Tn7 insertion both by observing GFP fluorescence and by colony PCR with primers Tn7-GlmS (5'-AATCTGGCCAAGTCGGTGAC-3') and Tn7R109 (5'-CAGCATAACTGGACTGATTTCAG-3' ) (11).
The same parental PAO1 strain was mutated by homologous recombination to construct the tetracycline-resistant "QSI-sensitive mimic" strain. To replace the lasR gene with a tetracycline resistance (Tc R ) cassette, an approximately 5 kb ΔlasR::Tc R cassette was amplified from PAO-JP3 (14) genomic DNA with primers D060 (5'-GCTGCTCGGCTTCTGGGTG-3') and D061 (5'-ACGTTTGCCCCGCTACTGG-3'). The amplified region contained a KpnI site and an
EcoRI site that were used to clone into KpnI/EcoRI-cut pEX18Gm (15) . The resulting plasmid pJG038 was transformed into E. coli S17-1 λpir by electroporation and then transferred into PAO1 by conjugation. Individual merodiploid colonies that were isolated by selection on VB + gentamicin plates were picked and selected for the second recombination event by growth on LB + 15% sucrose at 30 ºC. Strain PAO-JG33 was isolated, and sequencing of DNA amplified from its lasR region confirmed the gene deletion. PAO-JG33 produced significantly less green pigment than wild-type PAO1 and displayed virtually no ability to degrade an elastin congo red substrate compared to wild-type PAO1 (using a previously reported method (7); Supplementary Figure 2A ).
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We next deleted the rhlR gene from PAO-JG33 because others have shown that rhlR can compensate for lasR mutants (16, 17) . into strain S by mating with E. coli S17-1 λpir containing pMP7605, followed by selection on VB + gentamicin.
Construction of a "signal-independent" constitutive lasB-producing QSI-resistant (RlasB) mimic strain. The P tac -lasB cassette from pML27 (19) was amplified with primers D108
(5'-CAGGCTGAAAATCTTCTCTCATCC-3') and D110 (5'-AAAACTTAAGCCTGAACTTTAGACCGGGTTC-3'). The amplified DNA was cut with KpnI and
AflII. Likewise, pMP7607 (18) was cut with KpnI and AflII, which removed the mCherry gene.
The cut P tac -lasB insert was ligated into the cut pMP7607 to yield pJG068. The mini-Tn7 S-7
cassette harboring P tac -lasB was inserted into the PAO1 genome via the same procedure as for adding the GFP-Gm R cassette to construct strain R above, except that Pseudomonas isolation agar (PIA, 2% peptone, 0.69 mM MgCl 2 , 57 mM K 2 SO 4 , 1.36% agar, 2% glycerol, 25 mg/mL irgasan) + streptomycin was used for selection instead of VB + gentamicin. The procedure was carried out on both wild-type PAO1 and PAO-JG35 to obtain PAO1-Tn7-lasB (termed R-lasB)
and PAO-JG35-Tn7-lasB (termed S-lasB). R-lasB had greater protease activity than strain R, and S-lasB had much greater protease activity than strain S (Supplementary Figure 5A) , confirming insertion. Insertion was also confirmed by colony PCR with primers Tn7-GlmS (5'-AATCTGGCCAAGTCGGTGAC-3') and Tn7R109 (5'-CAGCATAACTGGACTGATTTCAG-3') (11).
Plating different degrees of population structure on solid QS-selective media. Plates were inoculated three different ways to afford different degrees of population structure. To make a finely mixed population, sterile glass beads were used to spread 100 µL of a 10 2 × dilution of the 500/27 nm, λ em : 540/25 nm) was read using a plate reader and normalized by OD 600 . Dilutionresponse curves were obtained (Supplementary Figure 3A) , and the concentrations of OdDHL present in the QSM + 0.1% CAA cultures were approximated by observing the curve shifts compared to the 2 µM control (Supplementary Figure 3B) . The 1:100 R/S mixture produced approximately 300 pM OdDHL, which was nearly 1000× less than wild-type PAO1 and well below the quorate concentration (Supplementary Figure 3B) . These results strongly suggest that rare R (≤ 1%) should not be capable of expressing its QS regulon under the conditions tested in this study.
Degradation of OdDHL in P. aeruginosa cultures.
To mimic "signal-independent" QSI resistance, we first tried to induce QS in the R strain when it was rare by the exogenous addition of 2 µM OdDHL. We were concerned, however, that OdDHL might degrade in the media during the course of the experiment. Although previous reports indicate that OdDHL is fairly stable to non-enzymatic lactonolysis in buffered media (21, 22) , this signal remains susceptible to enzymatic degradation by the many acylases produced by P. aeruginosa (23) (24) (25) . If these enzymes degrade OdDHL substantially within hours, then the exogenous addition of OdDHL potentially would not be sufficient to activate QS-regulon expression when R is rare. We tested the extent to which exogenously added OdDHL was degraded by the bacteria under our growth S-10 conditions (in 0.1% CAA to mimic the initial stages of growth in both 1% BSA + 0.1% CAA, and in 0.1% adenosine). The experimental protocol was the same as that for quantifying production of OdDHL outlined above, except that 2 µM OdDHL was exogenously added to each sample from a 4 mM stock solution (final DMSO concentration 0.1%) prior to incubation. An additional control of OdDHL incubated at 37 ºC in the growth medium without bacteria was included to measure non-enzymatic lactonolysis (i.e., background hydrolysis). As above, the final dilutionresponse curves were compared to the dilution-response curve of a 2 µM standard Figure 4D) . At this rate, multiple days would be required for OdDHL to degrade below quorate levels in the adenosine medium. Therefore, these results indicate that exogenous addition of OdDHL is a viable strategy for mimicking "signal-independent" resistance in the selfish adenosine selective medium. However, since OdDHL is 99% degraded within hours in the group-beneficial BSA selective medium, QS cannot be induced reliably via exogenous OdDHL addition in this medium. Instead, the R-lasB strain was used, which constitutively expresses lasB under a tac promoter without the need of OdDHL (see below).
Confirmation of active protease secretion by non-quorate R-lasB.
Others have reported that the P. aeruginosa xcp protein secretion machinery is required to secrete active LasB, and
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that xcp expression is also regulated by QS (26, 27) . Therefore, we reasoned at the outset that constitutive expression of lasB under a tac promoter could possibly not translate to secretion of active LasB under non-quorate conditions due to lack of xcp expression. However, we found that that active LasB was indeed secreted from P tac -lasB cells under non-quorate conditions by testing supernatant for ability to digest a LasB substrate (azocasein) (28, 29) , as described below.
To compare protease production by strains R and S to strains R-lasB and S-lasB, Figure 5A) , demonstrating that active QS is not needed to secrete active LasB from our "signal-independent" system.
We also tested the ability of rare R-lasB to produce near quorate levels of active LasB by repeating the protease assay, but with 1:100 R/S (non-quorate negative control), 1:100 R- Figure 5B). The 1:100 R-lasB/S culture produced significantly more protease than the 1:100 R/S culture, and nearly as much protease (per R cell) as the 1:1 R/S positive control. These data confirm that P tac -lasB indeed enables the "signal-independent" QSI-resistant mimic to secrete active LasB, even in the absence of quorate signal levels. R is present at a lower frequency. Theoretically, selective growth could potentially still occur even when no overall growth is apparent, as an increase in the growth of rare R bacteria could be "masked" by a lack of growth by the larger S population.
Supplementary

